In the food industry, microbial adhesion to equipment surfaces and subsequent development of biofilm are very serious issues because of potential to cause cross-contamination, which leads to lowered shelf-life, food spoilage, and transmission of disease [1] [2] [3] [4] . Adhesion and subsequent growth on surfaces is a common strategy of bacteria for survival in both natural habitats and man-made environments [5] . Upon adhesion, bacterial cells could become less susceptible to cleaning and sanitizing agents, particularly after they have developed mature biofilm structure, wherein the matrix of organic polymers could provide additional protection. Reduced efficacy has been reported for a number of sanitation procedures against attached microorganisms [6] . Schwach and Zottola [7] showed that Pseudomonas fragi, Salmonella montevidio, and Bacillus cereus on stainless steel surface were not completely inactivated by treating with up to 150 ppm sodium hypochlorite. Stone and Zottola [8] demonstrated that P fragi cells were not completely removed from stainless steel tube surface through a CIP cycle including alkaline (potassium hydroxide/potassium hypochlorite) and acid (phosphoric and citric acids) treatments. Listeria monocytogenes cells adherent to glass surface exhibited increased resistance to benzalkonium chloride, anionic acid sanitizer, and heat [9] . Therefore, to control the risk of microbial cross-contamination, further knowledge on the adhesion of microorganisms to abiotic surfaces is desired. Although these reported cases were mainly of infections originating from implanted medical devices, its implications on sanitation issues in the food industry could not be disregarded. CNS are commonly found on human skin [18] and could be transferred to food or food contact surfaces by food handlers and are thus frequently found in food processing environments [17, 19] . In fact, Sharma and Anand [4] reported that Staphylococcus spp. was a predominant microorganism in biofilms found in commercial and experimental dairy plants.
The objective of this study is to provide better understanding on adhesion behaviors of S. epideymidis to stainless steel surfaces. Stainless steel is chosen as the substrate material because it is a commonly used material for food manufacturing equipment and has been the material of choice in the food industry for many years because of its mechanical strength, corrosion resistance, longevity, and ease of fabrication [20] . The factors considered here are initial concentration of cell suspension, suspending medium, and roughness of stainless steel surface.
Removability of S. epideymidis cells from the stainless steel surfaces under the application of shear force is also taken as a subject of this study. observed especially prior to whirlpool water rinsing.
However, these differences were found statistically insignificant. In general, about 20-50% of the attached cells still remained on the surfaces after the whirlpool rinsing.
3.5 SEM analysis Related studies reported that microbial adhesion was observed after 5 s to 2 h of exposure to microbial cell suspensions [6, 10, 11, 21, 22] . In those studies, however, the reported exposure times were fixed and the course of adhesion over a period of time was not investigated. The maximum surface density of adherent S. epidermidis cells was found to be approximately proportional to the cell concentration of suspension. Thus S. epidermidis cells apparently showed a feature of reversible adhesion.
However, it was also found that whirlpool rinsing treatment removed only 50-82% of the adherent cells; the rest remained on the surface (Figs. 3 and 4) . The application of As shown in Fig. 2 , S. epidermidis cells adherent to the stainless steel surface in a greater surface density when suspended in peptone saline than in physiological saline.
This indicates that the presence of organic components in the suspending medium enhanced cell adhesion, or its strength, to the stainless steel surface. However, this study also provides data (Fig. 3) indicating that the use of peptone saline as a whirlpool rinsing medium did not significantly affect detachment of adherent S. epidermidis cells compared with water whirlpool rinsing. As described by Bos et al. [23] , when microorganisms and substrate surface are in aqueous environment containing organic molecules, the surface may be first become covered with a layer of the organic molecules prior to adhesion of microorganisms.
The results of this study indicate that adhesion of S. epidermidis is greatly influenced by the organic molecules on the surface but scarcely influenced by those in solution, though further study is necessary to clarify the details.
To summarize the previous works on the effects of suspending medium and/or surface pre-conditioning, both enhancing and inhibiting effects on microbial adhesion have been reported. In terms of suspending medium, presence of whey protein was reported to increase microbial adhesion to stainless steel, rubber, and glass surfaces [24] . Similarly, Flint et al. [13] found that milk-fouled surfaces attracted 10-100 times more vegetative cells and spores of Bacillus stearothermophilus compared to clean stainless steel surface. On the other hand, adhesion of L.
monocytogenes and Salmonella typhimurium suspended in whole milk, skim milk, or diluted milk onto stainless steel and Buna-N chips were found to be less than those suspended in PBS [14] . Barnes et al. [25] Fisheries of Japan. 6 . References
